Nitrogen fertilization associated to the application of molybdenum (Mo) can increase grain yield in maize crops. Therefore, the objective of this study was to evaluate the effect of molybdenum application forms associated to topdressing nitrogen fertilization on production components and maize crops grain yield. The experiment was conducted with the cultivar Pioneer® 30F53H, under a randomized blocks experimental design, with subdivided parcels and four replications. Four forms of Mo applications were evaluated in each parcel: control (without Mo); seeds treatment (40 g ha -1 Mo); foliar treatment (40 g ha -1 Mo); seeds treatment (20 g ha -1 Mo) plus foliar treatment (20 g ha -1 Mo), using potassium molybdate as Mo source. The sub-parcels received four dosages of nitrogen (N), in topdressing (0, 80, 160 and 240 kg ha -1 N), in the form of urea. The experiment evaluated plant height, ear insertion height, stem diameter, number of grains per ear, 100 grains mass and grain yield in maize crops. The increase in N dosages in topdressing increases plant height, ear insertion height, stem diameter, number of grains per ear, 100 grains mass and maize crop grains yield. The application of molybdenum improves N absorption by maize crops. When applied via seeds treatment, Mo brings better results to foliar application in partial or total dosages.
INTRODUCTION
Maize (Zea mays L.) represents one of the main and more traditional cereals grown around the world due to the important role it plays in the different links of the agribusiness chain. In function of the amount and nature of the reserves accumulated in grains, the culture stands out as a source of products for human and animal nutrition. In addition, it has been widely used as raw material by industries (Ferreira et al., 2011) .
According to Cantarella and Duarte (2004) , gains in maize crop grains are brought by the increase in nitrogen fertilizers use, among other factors, which, according to Silva et al. (2006b) , is due to the fact that N is considered the most quantitatively important element for the crop. Ohland et al. (2005) state that the species is highly responsive to N fertilization, showing positive responses for the grain yield and productivity components. Raij (2011) emphasizes that, for maize, production can be reduced to half without top dressing nitrogen fertilization.
Brazilian soils do not supply plants demand for N (Ernani 2003) , the element responsible for a series of metabolic functions that determine the adequate growth and development of plants (Yano et al., 2005) , thus making complementation with nitrogen fertilizers essential. In this context, the research recommends the subdivision of N fertilization, making part of the nutrient available during seeding and the rest in topdressing, taking into consideration the content of the organic matter, area history, and expected yield. Fancelli (2010) recommends topdressing to be realized when the maize plant shows four leaves completely unfolded, and the maximum limit for application is when the plant has eight leaves fullyexpanded.
Among macronutrients, N is the element with better responses to photo-assimilated production. Assimilation takes place under nitric form and is reduced to ammonia in the plant through the action of nitrate reductase enzyme. This enzyme activity is highly dependent on Mo. (Bull 1993) . Thus, Mo plays a fundamental role in the incorporation of N by plants, acting as an enzymatic co-factor that contributed positively to the nitrate reductase activity in the assimilation process of N (Martens and Westermann 1991) . Ferreira et al. (2001) observed that, in maize crops, molybdenum fertilization increased maize grains protein content by 3%. According to Marschner (1995) , this positive influence of Mo on protein content may be due to its action on the metabolism of N, resulting in greater incorporation of this element in proteins.
Therefore, Mo alters maze growth and development directly and, consequently, grain yield and protein production through N metabolism.
Based on this context, the objective of this work was to evaluate the effects of molybdenum application forms associated with topdressing nitrogen fertilization on production components and maze crops grain yield.
MATERIALS AND METHODS
The experiment was conducted in the county of Londrina-PR, in Red Latosol eutroferric (EMBRAPA 2006) located at 23° 23' S and 51° 11' O, with 566 m of altitude. Climate in the region is of the Cfa type, described as subtropical humid, with hot summers, according to the Köpen classification. The Paraná Agronomic Institute Molybdenum application forms associated to topdressing nitrogen fertilization in the production of maize crops Weather Station provided the rainfall and maximum and minimum temperature data for the experiment (Figure 1) . The following chemical characteristics of the soil were determined, prior to the experiment's installation, at 0-10 cm and 10-20 cm of depth: 0 to 10 cm -pH (CaCl2) The experiment was conducted under direct seeding in an area previously occupied by a wheat crop. The calculation of the basic mineral fertilization in the seeding sulcus was based on the soil chemical characteristic, constant for all treatments, which was of 28 kg ha -1 of N, 70 kg ha -1 of P2O5 and 35 kg ha -1 of K2O, using the 08-20-10 formula. The maze cultivar used was the Pioneer® 30F53H, which presents high production potential, precocity and high response to crop treatments and management. The experimental design was that of randomized blocks with subdivided parcels and four replications. Parcels corresponded to four Mo application forms, using potassium Treatment with Mo occurred still in the V6 stadia of the crop, with the help of a pressurized coastal sprayer with CO2. Each block, four parcels received foliar application in the dosage corresponding to 40 g ha -1 of Mo and, other four parcels received foliar application in the dosage corresponding to 20 g ha -1 of Mo, complemented by seed treatment.
Plant height and ear insertion evaluation took place during the physiological maturation phase (R6 stadia in the Ritchie and Hanway scale, 1993), with the help of a graded rule (cm). A pachymeter determined stem diameters, by measuring the stem's median diameter of the first internode. Number of ears per plant was determined by collecting ears from all plants in the usable area of each experimental unit and by dividing them by the number of plants in the area. A random collection of ten ears from each usable area of the experimental unit determined the number of grains per ear. Grains were collected from the two central lines, eliminating 0.5 m at the extremities. Ears were trailed mechanically and production transformed in kg ha -1 of grains, standardized at 13% of humidity. Two samples per parcel were removed to determine 100 grains mass, weighed in a precision scale, with eight replications of 100 grains per experimental unit to obtain a variable mean.
Data were submitted to an analysis of variance with unfolding orthogonal polynomials up to second degree. Mo treatment means were compared by the Tukey test and the N dosages effects were evaluated through a regression analysis, by adopting as model choice criteria model significance and the determination coefficient (R 2 ), at 5% of probability.
RESULTS AND DISCUSSION
There was an interaction effect between N dosages at topdressing and molybdenum application forms for stem diameter, 100 grains mass and grain yield. On the other hand, there was an isolated effect for number of grains per ear for the N dosages and Mo application forms factors. For plant height and ear insertion characteristics, there was a significant effect only for dosages of topdressing nitrogen fertilization (Table 1) . Plant height and the height of the corn ear insertion adjusted to the increasing linear equation in response to topdressing N application, with an increase rate of 0.02 cm at each kg of macronutrient (Figures 2a and 2b) . Soratto et al. (2010) , assessing the effect of N sources and dosages at topdressing in DKB 979 hybrid maze grown in second crop observed a similar result for plant height; however, for ear insertion height there was no significant effect of the studied factors. Silva et al. (2012) , on the other hand, while working with the same cultivar used in the present study, obtained a quadratic adjustment for plant eight adjustment in function of N dosages, with the highest value for this variable (110.38 cm) reached by the estimated dosage of 147.9 kg ha -1 of N in topdressing. Plant height and ear insertion height characters increase with the increase in N dosages in topdressing, since, according to Büll (1993) , plants adequately nourished with N shows greater vegetative development, once the nutrient affects cellular division and expansion and the photosynthetic process directly. However, in the present study it was impossible to detect the response maximum point for these variables, even under the high dosages used, possibly due to the response potential of the cultivar used and the favorable edaphoclimatic conditions. Table 2 shows that for both treatments with the absence of N as well as for treatments submitted to the dosage of 160 kg ha -1 of N showed similar results in which the application of Mo provided greater stem diameter, regardless of the applied form. As for the 80 kg ha -1 of N dosage, treatment P4 showed the greatest value for this characteristic, and in the dosage of 240 kg ha -1 of N, the greatest stem diameters were shown by treatments P3 and P4. Interaction among factors for stem diameter shows that the increase in N in topdressing for most Mo treatments was positive (Table 2) . Mo probably contributed for the increase in plant reserves production, which, according to Magalhães and Jones (1990) are allocated in the height, source of photo-assimilated for several parts of the vegetal. Figure 2c shows a growing linear adjustment of the stem diameter for most Mo application forms, except for P4. In P4 there is a quadratic adjustment for the variable with maximum response point at 207.8 kg ha -1 de N, corresponding to a height diameter of 2.39 cm. The impact of the characteristic in question was smaller without the application of Mo in all dosages of N in topdressing.
Results for stem diameter corroborate with those obtained by Silva et al. (2012) , who, by using the same hybrid (P30F53H), also verified a quadratic adjustment for this trait, where the highest stem diameter value (1.74 cm) was for the estimated dosage of 143.97 kg ha -1 of N in topdressing. According to Fancelli and Dourado Neto (2005) , plants with higher stem diameter can alter grain yield, since the eight acts as a storage structure for soluble solids to be used in the development and filling up of grains. Means followed by the same letter in the columns show no statistical difference among them by the Tukey test at 5% of probability. N: nitrogen; Mo: molybdenum; ST: Seeds treatment; CV: Variation coefficient.
The application of Mo led to greater number of grains per ear, regardless of the application form (Table 3) . According to Taiz and Zeiger (2009) , by participating in the assimilation of N by plants, Mo may contribute to greater supply to this element to plants during the processes involved in grains formation, which may have favored the increase in number of grains per ear by the application of this micronutrient. Means followed by the same letter in the columns show no statistical difference among them by the Tukey test at 5% of probability. N: nitrogen; Mo: molybdenum; ST: Seeds treatment; CV: variation coefficient.
For Ernani et al. (2005) , the insufficient supply of N during the floral differentiation stadia may reduce the number of eggs in the early stages of ear development thus reducing grain yield.
In response to N applied in topdressing, the number of grains per ear increased linearly (0.5 grains for each kg of N added) (Figure 2d ). These results corroborate with those found by Torres et al. (2014) in which N fertilization in topdressing also increased the number of grains per year linearly. According to Marschner (1995) , high dosages of N led to an increase in gibbelleric acid content, causing proteic synthesis and greater flourishing and, as a result, there is an increase in number of flowers per ear, which explains the increase in number of grains per ear.
Treatments with Mo, regardless of the application form, promoted an increase in 100 grains mass in all dosages of N applied in topdressing, as well as in the absence of N in topdressing (Table 2 ). This increase was possibly due to nutrients that favored plant growth with the increase in photosynthesis and consequently greater synthesis of photoassimilated, which favored greater grain development (Below 2002) .
For 100 grains mass, treatments P2 and P3 adjusted to the increasing linear functions, in response to the increase in topdressing nitrogen fertilization. As for P1 and P2, on the other hand, the adjustment was quadratic with values estimated in 254.87 kg ha -1 of N and 207.74 kg ha -1 of N, respectively (Figure 2e ). This also occurred in the study conducted by Ferreira et al. (2001) , where tis characteristic also adjusted itself to the quadratic model as the N dosages increased.
The increase in 100 grains mass in function of the increase in topdressing nitrogen fertilization may have occurred once the high dosages of the N maintained the photosynthetic activity for a longer period, resulting in a greater accumulation of reserves in the grains (Dourado Neto et al., 2004; Silva et al. (2006a) revealed that this yield component can alter the final production of the crop, since it is possible to obtain greater yield from a certain number of eggs only by increasing the reserves accumulated in the grains.
As for grain yield, the absence of N in topdressing showed greater yield, although not different from P4 (Table 2 ). However, the molybdic fertilization in topdressing increased yield even in the absence of N. Higher yields were also observed in intermediate dosages of N in topdressing, with the same Mo application forms. On the other hand, for higher dosages of N, greater yield was obtained by P2. Silva et al. (2011) also reported on maze yield increases under different dosages of molybdic fertilization.
There was a grain yield quadratic adjustment in relation to N dosages in the absence of Mo as well as in all application forms (Figure 2f ). Treatments P1, P2, P3 and P4 reached the maximum efficiency point in doses estimated of 190.44, 249.95, 190.97 and 195 .82 kg ha -1 of N, respectively. However, data are not in agreement with Ferreira et al. (2001) , who found that grain yield was influenced only by increases in N dosages, without an interaction with Mo. Silva et al. (2011) verified increases in maze yield in response to different dosages of molybidic fertilization, with variations between cultivation years, probably due to rainfall variation and other weather elements such as temperature and luminosity.
Treatments P2 and P4 showed better results for maze grain yield when compared to treatments P1 and P3. Table 2 shows that all Mo application forms provided better values for the trait in relation to the absence of the application.
N dosages applied in topdressing, as well as the application of Mo, increase maze grain yield. The absence of N in topdressing had an effect on grain yield, indicating that the presence of the micronutrient also potentiating the effect of nitrogen fertilization in the base. This could be the result of a more efficient nitrate assimilation reduction, for the incorporation of N-NH 3 in organic compounds promoted by Mo supplementation.
According to Li-Ping, Yang-Rui and Li-Tao (2007) , whenever the supply of Mo is unsatisfactory, the nitrate reductase enzyme activity is reduced and, consequently, the assimilation of N is also reduced. However, when provided adequately, there is an increase in both enzyme activity and N contents. Thus, due to its regulator role, the nitrate reductase may be related to crop yield. Maze crops grain yield depends directly on the plant's photosynthetic activity in which the photosynthesis, in turn, depends on the foliar area and the leaves permanence time during the plant's activity (Fancelli and Dourado Neto, 2008) . According to Basi et al. (2011) N is determinant for the plants growth, development and yield since it can influence physiological processes considered essential for vegetal life maintenance.
Results show that the application of N can be optimized in the presence of Mo, offering more efficient N nourished maze plants. This can be an alternative for a more rational, efficient and sustainable use of nitrogen fertilizers, contributing to the increase in grain yield and helping growers to reach modern maze cultivars production levels.
CONCLUSIONS
The increase in N dosages in topdressing increases plant height, ear insertion height, stem diameter, number of grains per ear, 100 grains mass and grain yield in maze crops.
The application of molybdenum improves N use by maze crops. The application of molybdenum via maze seeds treatment, in partial or total dosages, brings better results compared to foliar applications.
